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EMCAL Review Agenda

•  sPHENIX Overview John Haggerty
•  EMCal Conceptual Design Craig Woody
•  Performance in Simulation Jin Huang
•  Module Production Sean Stoll
•  Mechanical Design Chris Cullen
•  Sensors, Readout Electronics and Trigger Eric Mannel
•  Installation Don Lynch
•  Cost and Schedule Ed O'Brien
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Fifteen years of RHIC experiments

•  RHIC data taking from 2001-2015 has 
produced large data sets in too many 
collision energies and species to fit on one 
page see http://www.rhichome.bnl.gov/RHIC/Runs/ 
for the full range of collision species and 
energies

•  During that period, accelerator upgrades 
(particularly stochastic cooling) gave us 
increased luminosity and extended our 
physics reach
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sPHENIX in a nutshell

•  sPHENIX is a proposal for a new experiment at RHIC capable of 
measuring 
–   jets
–   jet correlations 
–   upsilons 

to determine the temperature dependence of transport coefficients of 
the quark-gluon plasma with a detector comparable to the LHC 
experiments.  
•  This experiment enables a program of systematic measurements 

near the transition temperature at RHIC with a detector capable of 
acquiring a large sample of events with a high rate data 
acquisition system from a large acceptance spectrometer with full 
–  hadronic calorimetry
–  electromagnetic calorimetry
–  precision tracking 

August 20, 2015 4



The rationale for jet measurements

•  Probing the quark-gluon plasma 
produced in heavy ion collisions 
requires a probe that’s produced in 
the medium

•  We want to measure the energy 
loss of quarks traversing the 
nuclear matter… use jets as a 
surrogate

•  Direct photons and high pT hadrons 
in the same experiment
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Central Temperature Evolution

Fig. 2 Temperature evolution as a function of proper time at the cen-
ter of the fireball (r = 0) for different collision systems and different
collision energies. Full lines denote evolution within hydrodynamics
(T > TS), dashed lines denote hadron gas regime (T < TS). For refer-
ence, also p + p collisions at

√
s = 7 TeV are shown, even though this

system may not equilibrate at all. The “kink” at 2 fm/c in the tempera-
ture evolution in the p + p system around T = TS is due to the center
r = 0 being cooler than the surrounding matter
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Radial Velocity Profile at τ=2 fm/c

Fig. 3 Velocity profile at τ = 2 fm/c for the different collision systems
(τ = 1.9 fm/c for p + p). The velocity profiles for the Pb + Pb and
Au + Au systems are similar because the systems have similar geometry
and the final-observed larger radial flow at higher

√
s is simply due to

the longer lifetime of the Pb + Pb system

potential use in studies of jet energy loss, direct photon emis-
sion and heavy quark diffusion [31].

Our results for pion HBT radii are calculated as described
in [3] and the results are shown in Fig. 4 for the differ-
ent collision systems. Despite some remaining discrepan-

cies between our model results and experimental data, the
overall agreement between SONIC and experiment for dif-
ferent collision energies and systems is striking, given that
the inability of standard hydrodynamics to describe the data
has been labeled the ’HBT puzzle’ in the literature. As noted
in Ref. [32], it is possible to resolve this ’puzzle’ by a combi-
nation of different ingredients, notably pre-equilibrium flow,
viscosity, and a QCD-like equation of state. Since all of these
ingredients are naturally incorporated in SONIC, it is grati-
fying to observe that the HBT puzzle is no longer a puzzle
but rather a (small) discrepancy in some of the data–model
comparison.

In Fig. 5, we show the pion transverse momentum spectra
for the different collision systems. As remarked above, we
do find that with constant values of η/s = 0.08, ζ/s =
0.01, and a QCD equation of state, SONIC provides a good
overall description of the available experimental data. Note
that the discrepancy in the pion spectra for Pb + Pb collisions
at pT > 1.5 GeV was not observed in Ref. [1]. The reason
is that in Ref. [1], the actual calculation erroneously used a
model parameter value of R = 6.48 fm instead of R = 6.62
fm (cf. Table 1) for Pb. Once correcting for this error, we
do find slightly less transverse flow in Pb + Pb collsions,
leading to the discrepancy observed in Fig. 5. However, it
is expected that implementing more realistic granular initial
conditions will lead to higher transverse flow velocities. This
could help to improve the description of experimental data
at pT > 1.5 GeV in SONIC in the future.

4 Conclusions

We have presented SONIC, a new super hybrid model for
heavy-ion collisions that combines pre-equilibrium flow, vis-
cous hydrodynamics, and hadronic cascade dynamics into
one package. SONIC was used to simulate boost-invariant,
central, symmetric collisions of smooth nuclei (Pb, Au,
Cu, Al, C) at energies ranging from

√
s = 62.4 GeV to√

s = 2.76 TeV. We found that for a QCD equation of
state and a choice of QCD viscosity over entropy ratios of
η/s = 0.08, ζ/s = 0.01, the particle spectra and pion HBT
radii were in reasonable agreement with available experimen-
tal data. We also made predictions for pion mean transverse
momentum and HBT radii for C + C and Al + Al collisions
at

√
s = 200 GeV. The 2 + 1 dimensional space-time evolu-

tions of the temperature obtained with SONIC are publicly
available [31] in order to be of use in future studies of jet
energy loss or photon emission.
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The Physics Case for sPHENIX How does the QGP evolve along with the parton shower?

1.4 How does the QGP evolve along with the parton shower?

The initial hard scattered parton starts out very far off-shell and in e+e�, p+p or p+p collisions the
virtuality evolves in vacuum through gluon splitting down to the scale of hadronization. In heavy
ion collisions, the vacuum virtuality evolution is interrupted at some scale by scattering with the
medium partons which increase the virtuality with respect to the vacuum evolution. Figure 1.15
shows the expected evolution of virtuality in vacuum, from medium contributions, and combined
for a quark-gluon plasma at T0 = 300 MeV with the traversal of a 30 GeV parton (left) and at
T0 = 390 MeV with the traversal of a 200 GeV parton (right) [63, 64]. If this picture is borne out, it
“means that the very energetic parton [in the right picture] hardly notices the medium for the first
3–4 fm of its path length [64].” Spanning the largest possible range of virtuality (initial hard process
Q2) is very important, but complementary measurements at both RHIC and LHC of produced jets
at the same virtuality (around 50 GeV) will test the interplay between the vacuum shower and
medium scattering contributions.

Why RHIC ≠ LHC
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Figure 1.15: Jet virtuality evolution in medium at RHIC (left) and LHC (right). Vacuum contributions
to virtuality (blue dashed lines) decrease with time and medium induced contributions (red dashed
lines) increase as the parton scatters in the medium. The total virtuality (blue solid lines) is the
quadrature sum of the two contributions. At RHIC the medium induced virtuality dominates by
2.5 fm/c while at the LHC the medium term does not dominate until 4.5 fm/c. From Ref. [63].

In some theoretical frameworks — for example Refs [65, 66, 67] — the parton splitting is simply
dictated by the virtuality and in vacuum this evolves relatively quickly from large to small scales as
shown above. The Q evolution means that the jet starts out being considerably off mass shell when
produced, and this off-shellness is reduced by successive splits to less virtual partons. In these
calculations, the scattering with the medium modifies this process of parton splitting. The scale
of the medium as it relates to a particular parton is q̂ times the parton lifetime (this is the mean
transverse momentum that the medium may impart to the parent and daughter partons during
the splitting process). When the parton’s off-shellness is much larger than this scale, the effect of
the medium on this splitting process is minimal. As the parton drops down to a lower scale, the
medium begins to affect the parton splitting more strongly.

Shown in Figure 1.16 is the single hadron RAA in central Au+Au collisions at 200 GeV along
side measurements at other beam energies. One specifically notes that for the YAJEM calculation,
inclusion of the virtuality evolution leads to a factor of 50% rise in RAA from 20–40 GeV/c, and
in the HT-M calculation a 100% rise. A strong rise in RAA measured at higher pT at the LHC has
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Combining time evolution of virtuality and temperature
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Jets at RHIC

•  Design to collect 100 billion 
minimum bias  Au+Au 
events  in one year run

•  High statistics jet 
measurements
–  107 jets above 20 GeV
–  106 jets above 30 GeV
–  104 direct photons above 20 

GeV
•  Large statistics for γ+jet, b-

tagged jets and more
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The sPHENIX detector concept

•  Uniform acceptance -1<η<1 and 0<φ<2π
•  Superconducting solenoid enabling high resolution tracking
•  Hadronic calorimeter doubling as flux return
•  Compact electromagnetic calorimeter to allowing fine 

segmentation at a small radius
•  Solid state photodetectors that work in a magnetic field, have low 

cost, do not require high voltage
•  Common readout electronics in the calorimeters
•  15 kHz recorded in A+A allows for large unbiased MB data 

sample
•  Utilization of infrastructure in an existing experimental hall (cranes, 

rails, power, network…)

August 20, 2015 10



August 20, 2015 11



August 20, 2015 12

EMCal
Inner HCal

Solenoid 
Outer HCal

IP

GEANT4 



Magnet

•  BaBar magnet secured from SLAC 
after SuperB canceled, arrived at 
BNL in February 2015

•  Well suited to our needs without 
compromises
–  1.5 T central field
–  2.8 m diameter bore
–  3.8 m long
–  1.4X0 coil+cryostat
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•  EMCAL Tungsten-scintillating fiber
–  Δη x Δφ ≈ 0.025 x 0.025
–  96 x 256 readout channels
–  EMCal  σE/E ~12%/√E (single particle)

•  HCAL steel and scintillating tiles with 
wavelength shifting fiber
–  2 longitudinal segments. 
–  An Inner HCal inside the solenoid. 
–  An Outer HCal  outside the solenoid.
–  Δη x Δφ ≈ 0.1 x 0.1
–  2 x 24 x 64 readout channels
–  HCal σE/E ~100%/√E (single particle)

•  Readout with solid state photodetectors 
(silicon photomultipliers)

•  Outer HCAL ≈3.5λI
•  Magnet ≈0.5λI
•  Inner HCAL ≈1λI
•  EMCAL ≈18X0≈1λI

R(cm)	  

Calorimeters reference design
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EMCAL

•  R&D is going forward at BNL, UIUC, 
and UCLA on a tungsten-fiber SPACAL 
developed at UCLA
–  We believe we need 2D projectivity to 

achieve the e/π separation needed for 
the Upsilon measurements

•  Readout on inner radius of EMCAL with 
4 SiPM’s per tower

•  On-detector electronics limited to 
preamps, bias control and temperature 
monitoring

–  Analog signals cabled out of the magnet to 
waveform digitizers
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bathtub mold

previous bottom of mold current bottom of mold

Final density value:!
9.15 g/cm^3Note: Only 1 epoxy fill was needed!



EMCAL module design
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•  Fibers threaded through screens 
•  Filled with tungsten powder and epoxy 
•  Final density more than half of pure tungsten 
•  Moliere radius ~2.3 cm 



EMCAL sector
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Development of 2x8 module

SiPM	  

Light	  Guide	  

Tungsten/Fiber	  

Pre-‐Amp	  Board	  
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Momentum reconstruction
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214	  cm
	  

Geant 4 simulation:  single pions into full acceptance. 
•  Similar results for pions embedded in central HIJING events.
•  Multiple scattering dominated
•  Improvement due to larger outer radius of tracker

Performance - momentum resolution

10

Consistent with 
performance predicted 
by first principles 
calculation
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Two pixel layers
Two pairs of stereo strip layers
One outer strip layer
17 m2 Si in 7 layers
 



Upsilon performance in p+p
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Upsilon performance in Au+Au
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Performance - Upsilon mass spectrum in Au+Au

Geant 4 simulation of the mass distribution 
Fast simulation of the background based on measured pion yields
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Nuclear modification projections for Upsilons

•  With
–  10 weeks p+p
–  22 weeks Au+Au

•  Yield and S/B scaled to 
match model suppression
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Putting it all together
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R&D, work in progress

•  We have had one beam test of an early 
version of our calorimeter design in 
February 2014

•  Second prototype planned for April 2016 
for all three calorimeter sections

•  Low power cold test of magnet being 
prepared

•  Radiation damage tests of SiPM’s
•  Development of production techniques for 

the SPACAL
•  Finite element analysis of structure
•  New digitizers being developed at Nevis
•  Exploration of tracking options
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Status and next steps
•  DOE panels accepted science case at a review and followup (July 2014/

May 2015) without further recommendations
–  “The proponents should be congratulated on the excellent work they have done on 

expanding the Upgrade Proposal for sPHENIX since the first review. They have 
strengthened and expanded the physics case and included more detailed studies to 
demonstrate the detector capabilities. All the questions from the first review have been 
thoughtfully answered.” 

•  sPHENIX is an integral part of the PHENIX and BNL plan after a final 
PHENIX run in 2016

•  Design, simulation, project planning, R&D, prototyping all moving forward 
rapidly

•  Berndt Mueller (BNL Associate Director) convened a workshop to form a 
new collaboration in June 2015: https://www.bnl.gov/lajudr2015/

•  We are planning for 
–  CD-1 in early FY2018
–  CD-2/3 and construction start late in FY2018
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